Response to "CPT symmetry and antimatter gravity in general relativity 
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The observed accelerated cosmic expansion is problematic in that it seems to require an otherwise 
unobserved dark energy for its origin. A possible alternative explanation has been recently given, 
which attempts to account for this expansion in terms of a hypothesized matter-anti-matter repul- 
sion. This repulsion or anti-gravity is derived by applying the CPT theorem to general relativity. 
We show that this proposal cannot work for two reasons: 1) it incorrectly predicts the behavior of 
photons and 2) the CPT transformation itself is not consistently applied. 



PACS numbers: 04.90. +e, 11.30.Er, 98.,' 
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In a recent letter, Villata [H proposed a novel mech- 
anism to drive the accelerated cosmic expansion: a mu- 
tual gravitational repulsion of matter and anti-matter. 
By then locating anti-matter within cosmic voids, the 
voids repel the surrounding matter, resulting in an ex- 
pansion without any dark energy. The argument demon- 
strating that matter and anti-matter repel is straight- 
forward, but ultimately incorrect. The argument is as 
follows: the CPT theorem guarantees that (flat-space) 
field theories are invariant under the combination oper- 
ations of charge conjugation (C), parity (P), and time 
reversal (T). Villata postulates that general relativity is 
also CPT invariant. To derive how anti-matter responds 
to matter, he applies a partial CPT transformation to 
the geodesic equation, applying it only to the "particle 
terms," and keeping the field terms invariant. The result 
is a net sign change in the geodesic equation, indicat- 
ing an anti-gravity effect. It is the purpose of this letter 
to point out two problems with this proposal. The first 
problem relates specifically to the behavior of photons, 
and the second to the use of partial CPT transformations 
in general. 

The geodesic equation in general relativity provides 
the response of matter (or anti-matter) to a gravitational 
field and reads in local coordinates 
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Here the x^ are the spacetime coordinates, T the 
Christoffel symbols representing the gravitational field, 
and r an affinc parameter of the world line, which can 
taken as proper time for a massive particle. The charge 
conjugation operator C acts trivially on all spacetime 
quantities. This leaves parity P and time-reversal T, 
which change the handedness of space and time, respec- 
tively. The combination PT thus flips all of the spacetime 
coordinates, PT: x M — > — x M . We note that the affine pa- 
rameter is invariant under this transformation. 

Following Villata's prescription we apply the CPT 
transformation to the particles terms (acceleration and 
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Villata argues that applying this partial CPT transfor- 
mation represents the response of anti-matter (trans- 
formed velocity and acceleration) to a matter-generated 
(untransformed) gravitational field. 

We now voice our first objection: this prescription pre- 
dicts incorrectly the behavior of photons. Photons are 
known to be attracted to matter, as spectacularly demon- 
strated by gravitational lensing. However, the above pre- 
scription applied to a photon is supposed to yield the 
behavior of an anti-photon in the same matter-generated 
gravitational field. The sign change in the geodesic equa- 
tion implies that anti-photons are repelled by matter- 
generated gravitational fields. But a photon is its own 
antiparticle, thus yielding the absurdity that a photon 
is both attracted to and repelled by a gravitating mass. 
The same problem will arise for any particle that is its 
own antiparticle. 

We now turn to our second and more general objec- 
tion, which is the partial application of the CPT trans- 
formation to the geodesic equation. The PT transforma- 
tion flips the coordinate x^ in a coordinate patch about 
the worldline in question, and thus changes velocities 
and accelerations into their negatives. However, chang- 
ing the coordinates in this way must also change every 
other quantity expressed in those same coordinates. In 
particular the Christoffel symbols, which are the expres- 
sion of the gravitational field in the local coordinates x 11 , 
must also transform under this coordinate transforma- 
tion. The only consistent way to apply the CPT (coor- 
dinate) transformation is to apply it to the entire equa- 
tion. This introduces a sign change in T, thus showing 
the equation is invariant under CPT. Of course, the re- 
sult could not be otherwise since the geodesic equation is 
by construction invariant under general coordinate trans- 
formations. 

This partial CPT transformation is indirectly justified 
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in [l[ by applying it in a similar way to the Lorentz 
force equation of electrodynamics, and showing that this 
gives the correct electromagnetic behavior of anti-matter. 
Specifically, there is the (partial) transformation 

CPT . i&L = ± F *J*L ^ ^ = _3_ F ^ d _^L ( 4 ) 
dr 2 m " (It dr 2 m v dr 

A net minus is obtained because the acceleration and ve- 
locity each pick up a sign from PT, but so does the charge 
q from C (the Faraday tensor is left invariant). How- 
ever, this partial transformation is equally as inappropri- 
ate here as in the gravitational case, and for the same 
reasons. It just happens to give the "right answer" be- 
cause in the end we have effectively substituted q M> —q. 
Anti-matter or not, changing the sign of the charge re- 
verses the direction of the Lorentz force. We obtain the 
right answer, but for the wrong reason. 



While the application of CPT invariance to general rel- 
ativity to derive anti-gravitational effects between matter 
and anti-matter is a simple and novel one, ultimately it 
cannot work. We have shown that this procedure in- 
correctly predicts the behavior of photons and that con- 
sistency demands applying CPT to the entire geodesic 
equation, yielding invariance. We conclude that the ob- 
servation of anti-gravitational effects in general relativity 
requires true exotic matter (or energy), and cannot be 
observed with mundane matter (or anti-matter). 
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